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IN OVO PROTECTION AGAINST INFECTIOUS BRONCHITIS 

. Field of the Invention 

The hvention Is direded to novel ways of providing 0} OVO 
5 protection against infBctlous tmnchitis (hereinafter, "IB") In host animals 
such as chickens. More particularly, vaccines derived from traditional 
commercially-available IB vacdnes have proven to be both safe and 
efficacious upon appropriate in ovo administration to host animals as 
described hereia 

10 Backg^nd of the Invention 

IB Is a highly infectiousAransmlsslt)le respiratory disease that 
affects chickens cff all ages. The disease of IB Is caused a vims of the 
ooronavims group. IB disease symptoms vary widely; however, reported 
effects Include death, respiratory tract distress, depressed production, 

15 decreased peak production of eggs, abnonnalities in the eggshells, 
diarrhea, and a nephrosis/nephritis syndrome. Undesired weight loss in 
young chicks and/or insufficient/low-quality production of eggs from laying 
flocks are commercially-significant adverse impacts of IB disease in 
chickens. 

2 0 Commercially-dvallable vaccines for IB are not administered in 

ovo. Rather, they are administered post-hatch In a variety of formats. 
Briefly, such vaccines are typically administered by ttie labor-intensive 
methods of spraying {e.g., hand sprey, knapsack spray, or automated 
spray equipment) or in drops (eye or nose). . 

25 As more fully explained below, the in ovo vaccines of the 

present invention provide distinctive advantages over the inconvenient 
and time-consuming post-hatch routes of administration presently 
avallabia 
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Summary of the Invention 

In brief, the present invention is directed to in ovo vaccines 
(hereinafter. "lONT) derived from commerdally-available IB vaccines. 
Experimental results establish the safety and effica^ of the lOV relative 
5 to in ow administration to chickens. Appropriate dosing parameters have 
also been developed. In addition to the lOV, the Invention contemptertas 
related compositions suitable for in ovo administration. 

Processes for protecting a host animal against IB are also 
within the ambit of the present invention. Such administration provides 
1 0 economic advantages^in tiiat in ovo vaccination is easier, and ^er and 
utilizes a smaller dose of vaccine than conventionally administered 
vaccines. 

Detailed Description of the Invention 

The present invention is directed to in ovo Inoculations of 
15 animals, in particular, poultry. As that term is used herein, poultry refers 
to any bird or fowl which Is bred commercially, and therefore Includes 
chickens, turiceys, ducks, geese, bantams, quail, pigeons and the like. Of 
particular interest are chick^is. 

All t^es of vaccines for inoculation are contemplated for use In 
20 the invention, and in particular, a vaccine against infectious bronchitis, or 
IB. The vaccines may be obtained from whatever source is available in 
the industry. A preferred vaccine is an IB vaccine marketed und«* the 
trademartc POULVAC®, which Is available from Fort Dodge Animal l-lealth 
in Fort Dodge, Iowa or Weesp, the Netheriands. Other IB vaccines may 
25 also be utili2Bd. The vaccines of the invention preferably contain live, 
nonvirulent strains of the infectious agent, including IB. The vaccines 
should induce an immunogenic response in the host, generating the 



wo 01/64244 PCTAISOl/04792 

BEST AVAIUBLS COPY 



-3- 



production of antibodies suffici«it to confer immunity. 

The quantity of pathogenic agent to be incliKted in the vacdne 
to be administered to the host egg can vaiy, depending upon the 
particular pathogenic agent, and also the size of the animal (larger 
5 animals ms^ require larger quantities of agent). A desired quantity is 
within the range of about ICT^^ EIDso to about 1(P EIDn of pathogenic 
agerrt, e.g. vims (m particular IB), per vaccine dose. A quantity within the 
range of about 1 EIDn to about 1 0^-° EIDso pathogenic agent per 
vaccine dose is also useful hereia Throughout this application, "EiPn" 

1 0 refers to a 50% egg infectious dose. 

In addition to the foregoing, the vaccines may be fonnulated 
with l<nown additives, including adjuvants. Examples of desirable 
adjuvants indude polymers and copolymers of lacryiic add, as well as 
those derived from other alM esters. Other constituents include media 

1 5 such as water, saline solution, or water-in-oil emulsions in quantities 
suffident to top off the dose. The pathogenic agent may be dissolved or 
suspended in the media ^ist described. In a preferred embodiment of the 
invention, the vacdne is formulated with substantialty no virus neutralizing 
factor. 

20 A vacdne dose is typically vtrilhin the range of about 0.001 mL 

to about 1 .0 mL, and more preferably vwthin the range of about 0.01 to 0.1 
mL, with about 0.05 mL being even more prefenred. 

The dosing regimen for the vacdne most desirably indudes 
administration in ovo to a developing chick in a fertilized egg that has not 

25 yet hatched. One administration of the dose is typicalty prefenred, but 
more than one is within the scope of the invention. The dosing schedule 
chosen should ensure both the safety of the developing animal, as well as 
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effica^ of immunizatioa 

A dose of vaccine may be administered in ovo during a time 
period which is \Anthin the range of about dsy 1 up to and including about 
a few minutes before hatching. More preferably, a dose is delivered in 
5 ovD within the time period of about day 5 to about day 25. Even more 
desirably, the dose is administered dining the period of about day 10 to 
about day 20. A dosing at abtout day 1 8 may be particularly desirable. 

Administration of the vaccine may be done by hand, but is 
more typically and economically administered using cornmerdaliy 

10 available egg injection equipment, such as that available from Embrex, 
Inc. of North Carolina 

An advantage of in ovo vaccine according to the invention is 
tiiat tiie vaccine is applied to each individual bird (egg). This translates 
into better accural as compared witti more traditional vaccination 

15 prc^rams (non^ ovo). This is reflected in ttie high percentages of 

protection against challenge In tiie vaccinated birds. In addition, because 
the m ovo birds are vaccinated at a considerably eariier age than are 
those who receive tiie inoculation post-/n ovo, there is more time for the 
birds to develop their immunity t>efore exposure to outside ambient 

20 conditions in which virulent strains of the virus may t)epres^ This 
result has been unexpected. Normally, introduction of live viruses into 
embryos would have been expected to generate fairiy lettial results. A 
developing embryo is a highly fragile organism, and the presence of a live 
vims such as IB would have normally killed the developing animal. At 

25 best, much of the art has rnandated tiie use of a virus neutralizing factor 
to prevent such an occurrence when chicks are irv)culated bt ovo. 
Conversely, introduction of what v/ould have been considered 
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exceedlngly minute quantities gf live virus, while not killing ttie embryo, 
would not have been expected to impart satisfactory immunogenic 
properties to the organism. 

The following examples are provided by way of illustration, and 
5 should not be constmed as limiting the scope of the Invention. 
(A.) The vacdne. 

The lOV were prepared using a commerdally-avaiiable IB 
vaccine (Poulvac® IB MM) from Fort Dodge Animal Health In Fort Dodge, 
Iowa or Weesp, The Netherlands by reconstitutlon with saline to a 
10 concentration of 10^, 10^^, 1d" and lO''"" of IB/vims vacdne per dose 
(0.05ml). Poulvac® IB MM contains infectious bronchitis virus strain 1263 
• of the Massachusetts serotype. This commercially-available IB vaccine 
has not been approved or indicated for in ovo administration. 
(B.) Example 1 : Safety studv for in ovo chicke n vaccination. 
15 Spedfio-pathogen^free (hereinafter. "SPF^ chicken eggs were 

commercially obtained from Charles River SPAFAS. Inc. [190 Route 165. 
Preston, Connecticut 06365]. In brief. SPF eggs from SPAFAS were 
incubated within appropriate fadlities. At 18 days of incubation, 4 groups 
of 25 eggs were administered in ovo vacdnations using graded doses of 

20 the lOV derived from the Poulvac® IB MM. 

The lOV of the present invention were prepared as follows. A 

commerdally-avaiiable IB vacdne (Poulvac® IB MM) from Fort Dodge 
Animal Health in Fort Dodge, Iowa or Weesp. The Netheriands was 
obtained. This vacdne contains live, attenuated IB virus in a freeze-dried 
25 environment Prior to its use herein, this vacdne contained a titer of 10^ 
EIDso IB virus per vial. Next, this vacdne was reconstituted in saline and 
then further admixed with saline until the following concentrations were 
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obtained: solutions containing, respectively, titers of ^10", 10^'°, and 
10r^-» of IB vims/vacxane per dose (size: 0.05 ml) were prepared. 

At 18 days of incubation, Groups 1-4 (each consisting of 25 
eggs) were injected in ovo with a dose of 0.05 ml per egg of the vaccines 
5 of the present invention containing, respectively, the following titers of IB 
vIois: titers of 10", 10^^, Id", and 10r^* of IB virus/yaccine per dose. As 
a control, Group 5 (also consisting of 25 eggs) did not receive any in ovo 
injections at day 1 8 of incubatioa To administer the injections, 
commercially-available equipment (Inovoject® egg injection machine) 

10 from Embrex. Ina [P.O.B. 13989, Research Triangle Parl<, North Carolina 
27709-3989] was used acceding to manutecturer's instructions. 

Until hatching, both the inoculated eggs (/.e., 100 eggs total in 
Groups 1-4 @25 eggs/group) and the control eggs (/.e.. 25 eggs in Group 
5) were incubated vidthin the same incubator. The number of hatched 

15 eggs per group was experimentally recorded at days 20, 21 . and 22 of 
incubation. 

Tables 1 and 2 presents the results obtained. 



Table 1: Calculated Hatchablltty Resutai 



Hatchability results after in ovo vaccination at incubatiw day 18 with a dose 
of 0.05 ml/egg of IB vaccine to Groups 1-5 (25 eggs/group) 


Group 


EIDso 


# hatched 


% hatched 


1 


1(P 


17 


72 


2 


io'-» 


21 


84 


3 


10*" 


17 


72 


4 


10^^ 


20 


80 


5 


None 


24 


96 
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Table 2: Raw Hatchability Results 



Hatchabilify results atter in ovo vacxanation at incxibation day 1 8 with a dose 
of 0.05 ml/egg of IB vaccine to Groups 1-6 (25 eggs/group) 


6roi4> 


EID» 


# hatched 
(day 20) 


# hatched 
(day 21) 


#hatched 
(day 22) 


total* 
hatehed 


1 


10" 


m 


12 


5 


17 


2 


10'* 


m 


10 


11 


21 


3 


10^ 


m 


12 


5 


17 


4 


10-'^ 




17 


3 


20 


5 


none 


J} 


24 




24 



Hatchability in the inoculated eggs ranged from 72% to 84% 'm 
comparison to 96% for the negative control eggs of Group 5. All of these 
5 observed hatchability percentages wer? within customary limits. No 
systemic effects between the inoculated groups (/.e.. Groups 1-4) was 
observed. 

Based upon the results of Experiment 1 as set forth above, it was 
concluded that in ovc vaccination at incubation day 18 using dosages 
10 ranglrigfromalowof1or^-°EID5olBvaccinetoahighof10"EIDaolB 
vaccine was safe relative to hatchability. 

(C.) Bcamole 2: Efficacv studv for in quo vaccination of SPF chicken 
eoos. 

SPF chicken eggs were obtained from Charles River SPAFAS, 
15 Inc. All 200 eggs were incubated in appropriate fadlHies. At 18 days 
incubation, all eggs were candled; 14 eggs were unfertilized and within 20 
eggs the embryos had died. The eggs were divided into 5 groups with 25 
eggs/group. 
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The vaccine to be administered in ovo was prepared in 
accordance with the procedures of Example 1 above. 

At 1 6 days of incubation, similar to the protocol used In 
Example 1 above, Groups 1-4 were injected in ovo with the followinc titers 
5 of EIDao of IB vaccine/Viois in a dose of 0.05 ml/egg: lO'', 10^', 10^, and 
10'^'". As a control, Group 5 eggs were rKit irijected with any vaodnee at 
incubation day 18. 

Next, the inoculated and the control eggs were placed in 
separate incubators (without turning) for each group of eggs and were left 
10 to hatch in the isolation pen in which they were housed. Thenumt)erof 
eggs hatched was e}q3erimentally recorded at days 20, 21, and 22 of 
incubation. At 22 days of incubation, all remaining eggs were removed 
lipom the incubators. 

The chicks were housed in their respective isolation pens with 
15 positive, air pressure. All chicks were kept on wood shavings. The rooms 
were provided with heater lamps to create local temperatures 
substantially above the room temperatures. Chicks were able to choose 
their preferred temperature by adjusting their distance from the heating 
lamp. All chicks were fed ad lib and drinking water was ad lib available in 
20 automatic drinkers. Within a week after hatching, all chicks were tagged 
with an identifying wir^ mark that contained both a color and a number. 
Chicks to be challenged (as described below) at 4 weeks of age were 
moved to 1 animal room operating with positi>^ air pressure just before 
the challenge. Additionally, the chicks were experimentaify observed for 
25 clinical signs of IB throughout the study. 

Tables 3 and 4 present the hatchability results. 
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Table 3: Calculated HatehabilHy Results 



hatchabiiity results after in ovo vaccination at incubation day 18 with a dose of 
0.05 ml/egg of IB vaccine to Groups 1-5 (25 eggs/group) 


Group 


EIDso 


# hatched 


% hatched 


1 


10- 


8 


32 


2 


101.0 


10 


40 


3 


1(P 


11 


44 


4 




14 


56 


5 


none 


20 


80 



Table 4: Raw Hatchabiiity Results 



hatchabilify results after /n ovo vaccination at incubation day 18 with a dose of 
0.05 ml/egg of IB vaccine to Groups 1-5 (25 eggs/group) 


Group 


EIDso 


# hatched 
(day 20) 


# hatched 
(day 21) 


# hatched 

(day 22) 


total # 
hatched 


1 


Id" 




1 


7 


8 


2 


10" 




2 


8 


10 


3 


^(^ 




8 


3 


11 


4 


10-" 




6 


8 


14 


5 


none 




10 


10 


20 



10 



The obsen/ed hatchabilily was very low for all inoculated 
groups (It ranged from 32% to 56%) and decreased with increasing 
vaccine dose. In the control eggs of Group 5. 80% of the eggs hatched, 
n was concluded that, with respect to hatchabiiity, the results obtained 
were not representative and were attributed to poor egg quality rather 
than to adverse effects of in ovo vaccinations with IB virus. As described 



wo 01/64244 PCT/USOl/04792 



BEST AVAILABLE COPY 



-lo- 



in detail in Example 1 . acceptable hatchabillty results were previously 

obtained. . . - 

An analysis of dinical signs (e.g., mortality) in non-challenged 

chicks further strengthened the above conclusion that the hatchability 

5 results vvere not representative. Table 5 below presents the mortality 

data for hatchlings/chicks from both the 4 vaccinated groups (/.a, Groups 

1-4) and the 1 negative control group (/.a. Group 5). In Table 5, "PH" is 

1 an abbreviation for post-hatch. The observed clinical signs included the 

I ... 

following results. Due to diarrhea, several chicks in all groups were in 

10 bad condition. Some chidsg, exhibited respiratory problems or umbilical 
hernia A total of 5 chicksxiied (post-hatch) from yolk sac inflammation as 
follows: in Group 1 , 1 chick died; in Group 2, 3 chicks died; and in group 
4, 1 chick died. Post-hatch mortality results (including the deaths 
attritMJted to yolk sac inflammation) are presented in Table 5. For Group 

15 1,1 dead chick was not obsen^ed (which explains the finding at day 21 
PH that 4 chicks in Group 1 ym alive). In Group 5, 30% (£.e., 6 
hatchlings/chicks) died shortly after hatching. At candling prior to in ovo 
vaccination, embryos in 10% of the eggs had died. These pre-inoculation 
deaths, in combination with the described mortality features of this study, 

2 0 established that inferior egg quality (rather than adverse effiects 
attributable to the in ovo vaccinations) was responsible for both the 
hatchability results and the observed clinical signs prior to challenge. 

Table 5: Clinical Signs in Non-Challenged Chicks 



post-hatch (PH) mortality prior to challenge 



#daysPH 


Groiqsl 


Groiq>2 


Groups 


Group 4 


Group 5 




(n=8) 


(n=10) 


(n=11) 


(n=14) 


(n^O) 
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0 


1 








6 


1 


1 


1 




1 




3 




1 




1 




4 




1 








5 




1 








6 


1 










# live chicks (day 
21 PH) 


4 


6 


11 


12 


14 



A challen£pe study was conducted as follows. In brief, virulent 
IB M41 virus was commercially-obtained from the Poultry Health Institute, 
Doom, The Netherlands. This challenge vims had a titer of 10^ EID» per 
5 vial. A final solution containing 10*^ EIDso per ml of challenge virus was 
prepared tiy appropriate reconstitution with demineralized water and 
dilution with nutrient broth of 1 vial of the challenge virus. 

At 4 weeks of age, ail vaccinated and control chicks were 
challenged by administration of 10*^ EIDso in 0.1 ml (0.05 ocular and 0.05 

10 intranasal) vimlent IB M41 viais per chick. The chicks were evaluated 
using the cilia stopping test (hereinafter, "CSV). In brief, 6 days post- 
challenge (hereinafter, TC"), the chicks were killed and their tiacheas 
removed. One part per trachea was collected for microscopic 
examination and ciliary activity was assessed. This assessment used the 

15 fbllovnng scale: + = fiill movement; ± = impaired movement; and - = no 
movement In cases of impainnent. additional trachea parts were taken to 
confirm this finding. The percentage of protection against challenge with 
this vinJient strain of IB viras calculated using the following fomnula: 
protection % = (A+%B)(100)/C wherein A = # chicks assessed +; B = # 
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chicks assessed and C - total # diicks. 

Tables 6 and 7 presents the results of the chailenge study. 
Table 6: Calculated Results Of Post-Challenge Protection 



Protection against challenge at 3 weeks of age with vimlent IB virus as 
determined isy GST 


Group (EIDn) 


# chicks 


protection % 


i(icn 


4 


1W 


2(10'*) 


6 


92 


3(1O"*0 


11 


100 


4 (icr^*) 


12 


100 


5 (none) 


14 


0 



5 Table 7: Raw Results Of Post-Challenge Protection 



Post-challenge assessments of protection vidth CST tedmiques 


Group 
(EIDso) 


# chicks 


+ (full CST 
motion) 


± (impaired 
CST motion) 


-(no CST 
motion 


1 (10*^ 


4 


4 






2 (10^*) 


6 


5 


1 




3(10"^ 


11 


11 






4(10-'*) 


12 


12 






5 (none) 


14 






14 



As determined by the CST methodology, the protection afforded bylnow 
vaccination at incubation day 1 8 m\h IB virus/vacdne derived from 
Poulv^^c® IB MM against exposure to a vimlent challenge IB virus at 3 
10 weeks of age vt^s excellent The protection f^rcentages ranged from a 
low of 92% to a high of 100%. 
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In addition to the hatchabilHy. clinical signs, and CST analyses 
discussed above, a serological study was also perfbnned. In brief, blood 
samples were collected from the wing veins of all chicks up to a mspdminn 
number of 24 chicks per group at 3 weeks of age. Lacrimal fluid was 
5 collected after dropping 1 drop of glycerin into each eye from a maximum 
number of 5 chicks per group at 3 weeks of age. Antibody titers against 
the IB AMI antigen were measured in serum and lacrimal fluid using the 
HI test The detection limit of the HI test coniesponds with 'log HI titer = 
3.0. Geometric mean titers (hereinafter, "GMT) were calculated based 
1 0 upon the HI tests conduct^ Tables 8 and 9 pnBsent the serological 
results. 



Table 8: Calculated Serological Results 



GMT against IB M41 antigen at 3 weeks of age using the HI test 


Group (EIDflo) 


serum 


lacrimal fluid 




(# chicks) 


(# chicks) 


1(1(n 


3.0 (4) 


8.3 (3) 


2(10'*) 


3.0(6) 


7.5 (2) 


z(icr) 


3.1 (11) 


7.4 (5) 


4(10-'") 


3.1 (11) 


8.7(3) 


5 (none) 


3.0(14) 


9.7 (4) 



Table 9: Raw Serological Results 



# chicks with indicated 'log HI titers against IB M41 antigen at 3 weeks of age 


Group (EIDbd) 


3 


4 


5 








9 .1 


10 


titer results based upon seaim: 


i(i(n 


4 
















2(10'*) 


6 
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3(icn 


10 


1 














4(10-^0 


10 


1 














5 (none) 


14 
















titer results based upon lacrimal fluid 


1 (i(n 












2 


1 




2 (10'-^ 










1 


1 






3(i(n 










3 


2 






4(ir*) 












2 




1 


5 (none) 










1 




1 


2 



In almost all chicks, antibody levels within the semm were not at)ove the 
detection limit of ^log HI titer = 3.0. Antibody titers in the lacrimal fluids of 
both the inoculated chicks and the control chicks were high. Accordingly, 
5 it is postulated that (a) vt^irithe lacrimal fluids, the experimentally- 
determined antibody titers were non-specific; and (b) the glycerin used to 
collect the lacrimal fluids might have been responsible for this observed 
effect No dear conclusions were drawn based upon these serological 
results discussed above. 

1 0 Based upon the entirety of this Example 2 as described above, 

it was concluded that in ovo vaccination at day 1 8 of incubation of SPF 
chicken eggs with IB virusAracdne at dosages of ranging firom a low of 
10*^'° EIDso per egg to a high of 10^ EIDso per egg was efficadous in 
proteding dhicMs against exposure to a challenge at 3 weeks of age with 

15 vimlent IB M41 virus. 

(D.) Example 3: Efficacy studv for in ovo vacdnatlon of oommerdal 
chicken eods. 

Cdmmerdal chicken eggs for broilers were obtained from 
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10 



Pronk, Meppel, The Netheriands. These eggs were incubated within 
appropriate fadltties. After 18 days incubation, all eggs were candled, 
and 4 groups of 28-30 eggs were inoculated with graded doses of the in 
ovo vaccine. The /novovacdnes administered, hatching and/or 
husbandry conditions, the manner of egg injections, the preparation of the 
challenge vims, serological analysis, and the determination of protection 
using the CST methodology were all conducted as previously descrit)ed 
above in Examples 1 and 2. Tables 10-16 below present the results from 
ttiis study of in ovo vacdnatim with IB vims of commerdai chicken eggs. 

Table 10: Calculated HatchabllKy Results 



hatchabilify resulte after In ovo vacdnation at incubation day 18 with a dose of 
0.05 ml/egg of IB vacdne to Groups 1-5 (28-30 eggs/group) 


Grpup_ 


EIDn 


#hatc*»ed 
(total # eggs) 


%hatched 


1 


10" 


25(29) 


86 


2 


10" 


26(28) 


93 


3 


i(r 


25(28) 


89 


4 




27 (30) 


90 


5 


none 


24(28) 


86 


Table 1 1 : Raw Hatchabillty Results 



hatchabillty results after in ovo vacdnation at incubation day 18 with a dose of 
0.05 ml/egg of IB vacdne to Groups 1-5 (28-30 eggs/group) 


Group 


EIDso 


# hatched 
(day 20) 


# hatched 
(day 21) 


# hstchdd 
(day 22) 


total # 
hatched 


1 


10*" 




22 


3 


25 
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2 


10'* 


2 


24 




26 


3 




18 


7 




25 


4 




18 


9 




27 


5 


none 


13 


11 


m 


24 



As set forth above in Tables 10 and 1 1 , hatchabiiity in the inoculated 
groups {Le., Groups 1-4) was good, within customary limits, and ranged 
from 86% to 93%. Hatchabiiity in the control group (Le., Group 5) was 
5 86%. 



Table 12: Clinical Signs In Non-Challenged Chicks » 



post-hatch (PH) mortality prior to diallenge 


#days 
PH 


Group 1 
(n=25) 


Group 2 
_(n=26) 


Group 3 
(n=25) 


Group 4 
(n=27) 


Groups 
(n=24) 


1 


1 died 








1 BO 


5 


1 died (yolk 
sac) 










7 










2 BO 


9 










1 died 
1 killed 


#live 
chicks 
(day 21 
PH) 


23 


26 


25 


27 


22 



Table 12 above sets forth the conditions arul mortality of the 
1 0 chicks from Groups 1 -6 prior to challenge with a ^^rulent strain of IB virus. 
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In Table 5, "BC" is used as an abbreviation for bad condition. To 
summarize the results: 2 chicks in Group 1 died (1 from yolk sac 
inflammation); and 2 control chicks from Group 5 were in biad condition (1 
died on day 9 post-hatch and the other 1 chick was killed on day 9 post- 
5 hatch because ft could not stand upright). Table 12 does not present 
clinical respiratory signs. Several chicks in groi^ given dosages of 
100.0 or greater (/.e.. Groups 1-3) showed mild respiratory signs probebfy 
due to IB virus replication from 6 days oif age onward until challenge at 3 - 
weeks of age (Groups 1 and 2) or until 1 2 days of age (Group 3). The 
10 observed respiratory signs%ere mild and no damage was seen at 6 days 
post-challenge as determined by the CST metiiodology (presented 
below). 

Tables 13 arKi 14 presents the results of the challenge study. 



Table 13: Calculated Results Of Post-challenge Protection 



ProtecA'on against challenge at 3 weeks of age witii virulent IB virus as 
determined CST 


Group (EIDso) 


# chicks 


protection % 


1 (10^ 


23 


100 


2 (10'*) 


25 


100 


3(1(n 


25 


96 


4(ior'*) 


27 


89 


5 (none) 


22 


0 



15 Table 14: Raw Results Of Post-Challenge Protection 



post-challenge assessments of protection witti CST techniques 


Group 
(EID») 


# chicks 


+ (full CST 
motion) 


± (impaired 
CST motion) 


-(no CST 
motion 


KKT) 


23 


23 


0 


0 
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2(10'-^ 


26 


25 


0 


0 


3(10"^ 


25 


23 


2 


0 


4 (10-^*) 


27 


23 


2 


2 


5 (none) 


22 


0 


0 


22 



In Tables 13 and 14, 1 chick in Group2 was in bad condition 
from the d8Qr after diallenge until its death at 5 days post-challenge. This 
death was not attn'buted to either the m ovo vaodnaticMri or the subsequent 
5 challenge. As detennined by the CST methodology, the protedian 
afforded commercial eggs for t)roilers by in ovo vaccination at incubation 
day 18 with IB virusAracclne derived from Pouivac® IB MM against 
exposure to a virulent challenge IB viruis at 3 weeks of age was excellent 
The protection percentages ranged from a low of 89% to a high of 1 00%. 
10 The control chicks (Group 5) had no protection against challenge wifti a 
vimlent IB virus at 3 weeks of age. 

Serological analysis yielded the results set forth below in 
Tables 15 and 16. 



15 Table 15: Calculated Serological Results 



Group 
(EIDso) 


GMT against IB M41 antigen at 3 weeks of age 
using the HI test of serum samples 


# chicks 


i(itn 


4.5 


23 


2(10'*) 


4.0 


22 


3(10^ 


4.1 


24 


4(10-'*) 


4.0 


24 


5 (none) 


3.8 


22 
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Table 16: Raw Serological Results 



# chicks with indicated log HI titers to IB M41 antigen at 3 weeks of age as 
determined from sennn 


Group (EIDso) 


3 


4 


5 


6 


7 


1(1(n 


8 


2 


9 


2 


2 


2(10'*) 


11 


3 


5 


3 




3 (ion 


8 


7 


7 


2 • 




4(1 or'*) 


9 


7 


7 


1 




5 (none) 


1J 


6 


5 


1 





As set forth above in Tables 15 and 16, serological analysis of 
serum samples revealed mean antibody titers in all inoculated groups 



5 were only slightly higher than those of the control chicks (ie., Group 5). 
However, wthin flie inoculated groups, the highest mean antibody titer 
was measured in Group 1 chicks; i.e., the chicks which had received tlie 
strongest dose of the in ovo vaccines. Additionally, in the vaccinated 
chicks, a considerable number showed antibody titers at or above the 

10 detectkin level 

Based upon the entirely of this Example 3 as described above, 
it was concluded that in ovo vaccination at day 1 8 of incubation of 
commercial chicken eggs for broilers vwth IB vinjs/vacclne at dosages of 
ranging from a low of lO"^-" EIDso per egg to a high of 10" EIDso per egg 

1 5 was efficacious in protecting chicks against exposure to a challenge at 3 
weeks of age with virulent IB M41 viae. 

Although the present invention has been described above in 
considerable detail, applicants desire the full extent of patent protectton 
possible as defined and detennined by the claims appended hereto, vtnth 
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reference to the above teachings but not limited to any specific example 
previously set forth. 
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We claim: 

1 . A process for protecting a host animal, comprising 
administering a vaccine inovotoa fertile egg containing an embryo of the 

I j 

5 host animal; and wherein the vaccine comprises an immunogenically- 
effective amount of a live, avlmlent strain of Infectious tironchltis vims. 

2. The process of Claim 1, wherein the 
immunogenlcally-effective amount is in the approximate range of from 
about 1 0*^'° EID» per egg to about 1 0" EIDso per egg. 

10 3. The process of Claim 2, wherein the 

immunogenically-effedive amount is about 10*^-" EIDso per egg. 

4. The process of Claim 2, wherein the 
immunogenically-effective amount is about 10^ EIDso per egg. 

5. The process of Claim 2, wherein the 

15 immunogenically-effective amount is about 10^* EIDso per egg. 

6. The process of Claim 2, wherein the 
immunogenically-efredive amount Is about Id" EIDso per egg. 

7. The process of Claim 1 , wherein said administering 
occurs during incubation. 

20 8. The process of Claim 7, wherein: 

said administering occurs on approximately day 18 of 

incubation. 

9. The process ofClaiml. wherein 

the host animal Is a chicken. 
25 10. The process of Claim 9, wherein the chicken is 

matemal-antibody-positive. 

1 1 . The process of Claim 10, wherein the chicken is other 

thanaSPFchickea 
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12. The process of Claim 1 1 , wherein the chicken 
originates firom a commercial flodc of broilers. 

13. A process for protecting chidcens from exposure to 
5 virulent strains of infectiais bronchitis vims, comprising administering /n 

ovo to fertile chicken eggs a vaccine comprising, cm a per egg basis, an 
immunogenically-effecUve amount of a live, aviruient strain of infectious 
bronchitis vims. 

14. The process of claim 13, wherein the 

1 0 immunogenlcally-effective amount is in the approximate range of from 
about 10*^*° EiDso per egg to about ICpEIDso per egg. 

15. A vaccine for protecting chickens from exposure to 
virulent infectious bronchitis virus, comprising: 

a solution containing, on a per chteken egg basis, a live, 
15 aviruient strain of infectious bronchitis virus In an immunogenically- 
effectiva amount 

16. The vaccine of claim 15, wherein the 
immunogenlcally-effective amount is efficacious against subsequent post- 
hatdi exposure of the chicken to vimlent infecUous bronchitis virus and 

20 does not significantly decrease the percentage of in ovo vaccinated 
chicken eggs that hatch upon the expiration of the incubation period. 

1 7. The vaccine of daim 1 5, wherein the 
immunogenicaily-effective amount is in the approximate rar^e of from 
about Kr^*" EIDso per egg to about IO^EIDsd per egg. 

25 18. Thevacdneof daim 17, wherein the vaodne 

contains substantially no virus neutralizing factor. 



